Multicellular redox regulation: integrating organismal biology and redox chemistry.
Early in the 20th century, Charles Manning Child attributed organismal gradients in metabolism to interactions among groups of cells. Metabolic gradients are now firmly grounded in redox chemistry, yet modern work on metabolic signaling has consistently focused on the cellular level. Multicellular redox regulation, however, may occur when redox state is determined by the behavior of a group of cells. For instance, typically an abundance of substrate will shift the redox state of mitochondria in the direction of reduction, leading to increased reactive oxygen species (ROS). These ROS, in turn, may modify the conformation and activity of proteins involved in signaling pathways, resulting in phenotypic changes. In contrast, if substrate triggers the contractions of a muscular structure comprising mitochondrion-rich cells, the resulting metabolic demand may shift the redox state in the direction of oxidation, with a corresponding decrease of ROS and different phenotypic effects. Indeed, colonial hydroids exemplify this process. Parallel examples may occur whenever mitochondria are concentrated in cells of structures that can respond to environmental perturbations with increased metabolic demand. In these circumstances, predicting the direction of metabolic signaling may require an understanding of events at the organismal level.